A 3-ketosucrose-degrading enzyme was purified 80-fold from the sonic extracts of Agrobacterium tumefaciens IAM 1525 grown on a sucrose-containing medium. The enzyme catalyzes hydrolysis of a-3-ketoglucosides such as 3-ketosucrose, 3-ketotrehalose, 3-ketomaltose, and 3-ketoglucose-1-phosphate but not of f-3-ketoglucosides, I8-3-ketogalactosides, and other glycosides such as sucrose, trehalose, maltose, glucose-i-phosphate, cellobiose, lactose, or raffinose. From the strict substrate specificity of this enzyme, the name a-D-3-ketoglucoside 3-ketoglucohydrolase (trivial name, a-3-ketoglucosidase) was proposed. K., values for 3-ketosucrose and 3-ketotrehalose were 3.9 X 10-' M and 4.8 X 10-' M, respectively. Optimum pH was 8.0 to 8.3. 3-Ketoglucose, a reaction product from a-3-ketoglucosides by the enzyme, behaved as a strong inhibitor. Physiological significance of this enzyme in the disaccharide metabolism of this bacterium was discussed.
A characteristic metabolism of sugar, including 3-ketosugar as a first intermediate, had been demonstrated in a strain of Agrobacterium tumefaciens (6-9), a plant tumor-inducing bacterium. In the previous paper (10), purification and properties of D-glucoside-3-dehydrogenase which catalyzes the oxidation of Dglucose or D-glucosides to the corresponding 3-keto compounds were reported, and physiological significance of the enzyme was discussed. When sucrose was used as carbon source, the bacterium accumulated a 3-ketosugar compound, a-D-ribo-hexopyranosyl-3-ulose-f3-D-fructofuranoside (3-ketosucrose), in high yield in the growth medium, followed by the rapid degradation of the 3-ketosugar accumulated (7) .
In this report, we deal with a 3-ketosucrosedegrading enzyme which catalyzes hydrolysis of a-3-ketoglucosides. Other sugars were commercial products. Uniformly labeled 14C-sucrose (5.3 mc/mmole) was purchased from Daiichi Pure Chemicals Co., Ltd., Tokyo. Radioactive 3-ketosucrose was prepared from the labeled sucrose (9 Reducing sugars other than 3-ketosugars were estimated by Somogyi-Nelson method (14) , and a Glucostat was employed for the determination of glucose (16) .
V-3-KETOGLUCOSIDASE OF A. TUMEFACIENS Paper chromatography. For separation of ketosugars, the following solvent system was used: acetoneacetic acid-water (4.0:1.2:1.0, v/v; references 2 and 10). Ketosugars were detected with the urea phosphate reagent (17).
Enzyme assays. (i) For assay of 3-ketosucrosedegrading enzyme, 1 ml of reaction mixture contained 10 ,umoles of 3-ketoglycoside, 100 Mmoles of phosphate buffer (pH 7.0), and enzyme solution. Reaction was at 30 C for 10 min. After the reaction, a sample of the reaction mixture containing 0.1 to 0.4 ;&mole of 3-ketoglycoside was diluted to 1.0 ml with distilled water, followed by the addition of 2.0 ml of 0.15 N NaOH. The amount of the substrate remaining was determined from the absorbancy at 340 nm. In some experiments, formation of 3-ketoglucose was determined from the reduction rate of 2,6-dichloroindophenol. When 3-ketodisaccharide containing a D-glucose moiety was used as substrate, free glucose formed was also determined by use of a Glucostat.
(ii) For the assay of glycosidase, 1 ml of reaction mixture contained 10 ;umoles of dissacharide, 100 (1).
(iv) The activity of D-glucoside-3-dehydrogenase was estimated by colorimetry with 2,6-dichloroindophenol as hydrogen acceptor, by the method used previously (10) . A 1-ml amount of assay mixture contained 10 ,moles of sucrose, 0.35 ,umoles of 2,6-dichloroindophenol, 100 Mmoles of phosphate buffer (pH 7.0), and an appropriate amount of enzyme solution. The reaction was at 20 C. The reduction rate of 2, 6-dichloroindophenol was measured spectrophotometrically at 600 nm.
(v) The uptake of 14C-sucrose and of '4C-3-ketosucrose from a medium by the resting cells was determined by the vacuum filtration method described in the previous paper (9) . A 1-ml amount of reaction mixture contained 200 jig (as dry cells) of the resting cell suspension, 100 jAmoles of phosphate buffer (pH 7.0), and 1.0 ,umole of radioactive substrate. The reaction was carried out at 27 C without shaking.
RESULTS
Existence of 3-ketodisaccharide-degrading enzymes. When the bacterium was grown on a medium containing disaccharide as carbon source, the formation of a 3-ketodisaccharidedegrading enzyme was induced, but no enzyme activity was detected in cells grown on a succinate medium. The degrading activities on 3-ketosucrose, 3-ketotrehalose, and 3-ketomaltose were observed with the sonic extract prepared from the cells grown on a sucrose, trehalose, or maltose medium (Table 1) . In a lactose medium, the activity toward both 3-ketosucrose and 3-ketomaltose was induced, but the activity toward 3-ketotrehalose was not induced. 3-Ketolactose-degrading activity was not detected in the sonic extract of disaccharide-grown cells, whereas, with the resting cells obtained from a lactose medium, the activity was demonstrated (footnote d, Table 1 ). Therefore, 3-ketolactose-degrading enzyme was considered to be very unstable with the sonic treatment. Glycosidase activities in the sonic extract are also listed in Table 1 .
Purification of 3-ketosucrose-degrading enzyme. All procedures for the purification of 3-ketosucrose-degrading enzyme were carried out at 4 C.
First ammonium sulfate fractionation. A 20-g amount of solid ammonium sulfate was added to the soluble part of a sonic extract (95 ml) prepared from wet cells (35 g) which were harvested in the stationary growth phase (36-hr culture) after growth on sucrose medium. After standing for 14 hr, the precipitate that formed was removed by centrifugation at 15,000 X g for 10 min. A 20-g amount of solid ammonium sulfate Stepwise elution was carried out with KCI solutions prepared in 1.0 X 10-2 M phosphate buffer (pH 7.0) at an elution rate of 2 ml/min. The elution profile is presented in Fig. 1 . The activity was recovered as a single peak in the eluate with 0.1 M KCl. Activity was in the tubes numbered 24 to 26 (each tube, 20 ml). These fractions were combined and immediately concentrated to 4.0 ml by treatment with Carbowax 6,000 (12) . The activity of the DEAE eluate was very unstable, so that further purification was unsuccessful. The entire procedure is summarized in Table 2 .
Identification of reaction products. To characterize the chemical reaction catalyzed by the 3- Substrate specificity. With a number of carbohydrates, the specificity of 3-ketosucrose-degrading enzyme was examined, and the relative reaction rates are listed in Table 4 . Of the 3-ketoglycosides, ca-3-ketoglucosides such as 3-ketosucrose, 3-ketotrehalose, 3-ketomaltose, and 3-ketoglucose-1-phosphate served as substrates for the enzyme, whereas ,B-3-ketoglucoside (3-ketocellobiose) and ,B-3-ketogalactoside (3-ketolactose) did not. Among the 3-ketoglucosides used, 3-ketosucrose showed the highest reactivity. Invertase (yeast j3-fructofuranosidase) hydrolyzed 3-ketosucrose but was inactive with any other a-3-ketoglucosides. None of the ca-glucosides tested was hydrolyzed by the enzyme. Thus, 3-ketosucrose-degrading enzyme could be distinguished from a-glucosidase, #3-fructofuranosidase, and phosphatase.
3-Ketosugars as inhibitors. 3-Ketoglucose, one of the reaction products derived from a-ketoglucosides, proved to be a strong inhibitor of the 3-ketosucrose-degrading enzyme, whereas glucose and fructose were not inhibitory (Table  5 ). When two kinds of 3-ketoglucoside were present together in a reaction mixture, one worked as a competitive inhibitor of the hydrolysis of another, and vice versa. For example, hydrolysis of 3-ketotrehalose was inhibited by both 3-ketosucrose and 3-ketoglucose-1-phosphate in a competitive fashion (Fig. 2) . a Reaction mixture contained 5.7 ,umoles of 3-ketosucrose, 50 ,umoler of phosphate buffer (pH 5.6) and 0.13 unit of enzyme in a final volume of 0.5 ml. 3-Ketosucrose and 3-ketoglucose were determined by the methods described in the text. Other properties. From Lineweaver-Burk plots at pH 7.0, K,, values of 3-ketosucrose-degrading enzyme for 3-ketosucrose and 3-ketotrehalose were calculated to be 3.9 X 10-3 M and 4.8 X 10-3 M, respectively. The pH dependency curve gave an optimum at pH 8.0 in phosphate buffer.
Culture age and 3-ketosucrose-degrading enzyme. Total activity of 3-ketosucrose-degrading enzyme increased as the culture grew during exponential growth phase and reached a maximum at an early stationary-growth phase, and then the activity began to decrease gradually (Fig. 3) . The specific activity of 3-ketosucrosedegrading enzyme, however, remained constant at from 12 to 17 ,umoles per g (dry matter) per min throughout the cultivation. On the other hand, D-glucoside-3-dehydrogenase activity was found at levels similar to that of the 3-ketosucrose-degrading enzyme only during exponential growth. The maximal activity of the dehydrogenase was observed in the extracts of cells harvested in the late exponential growth phase. Approximately one-third of the maximal activity was recovered in a 48-hr culture. However, the cells from the 48-hr culture showed a high activity of 3-ketosucrose uptake reaction (45.2 ,umoles/g of dry cells per min) which corresponded to 10 times of the uptake rate given by the cells from a 24-hr culture (Table 6 The data in Table 1 show that the bacterium grown in sucrose possesses a-glucosidase but lacks a j3-fructofuranosidase. The ca-glucosidase fraction which was obtained in the second ammonium sulfate fractionation had no activity toward 3-ketosucrose. a-3-Ketoglucosidase, therefore, seems to be the only enzyme which catalyzes the hydrolysis of 3-ketosucrose in this bacterium. Cells grown in maltose or trehalose medium also possess 3-ketoglucoside-degrading activity. Whether this enzyme is identical with that obtained from sucrose-grown cells is, however, unknown.
In a soluble fraction of the sonic extract of the bacterium, both D-glucoside-3-dehydrogenase and a-3-ketoglucosidase were found, and the respective reaction rates were estimated to be 16.8 and 16.5 ,umoles/g of dry matter per min. Therefore, in the cell-free extract, a considerable part of the 3-ketosucrose once formed from sucrose should be hydrolyzed to fructose and 3-ketoglucose. However, in previous in vivo experiments (9) 
unpublished data). (ii)
The bacterium has a special transport system for the 3-ketosucrose exit, but has weak transport reaction for the 3-ketosucrose entry during the exponential growth phase. The results of the transport experiment (Table 6 ) indicate that the transport system for the entry of 3-ketosucrose may play a significant role in controlling the degradation of the extracellular 3-ketosucrose which was accumulated in the culture medium.
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